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Design of microwave ablation probes for cancer treatment

ABSTRACT

This research has presents three-dimensional finite element analyses of microwave
ablation. We studied the characteristics of various monopole antennas for microwave ablation by
analyzing the magnetic and electric field distributions at frequency of 2.45 GHz. Four
configurations of monopole antennas were considered: open-tip, dielectric-tip and metal-tip. From
the simulation results, the open-tip antenna had a small amount of magnetic field distribution at
the tip, while the dielectric-tip antenna had virtually no magnetic field distribution at the tip. The
metal-tip antenna had continuous magnetic field distribution extf:nding from the tip. The electric
field distribution of open-tip, dielectric-tip, and metal-tip monopole antennas were similar. From
the analyses of electromagnetic are magnetic and electric field, we used their results to further
analyze temperature distributions. From the simulation results, the open-tip, dielectric-tip and
metal-tip monopole antennas had similar temperature distribution profiles but the open-tip
monopole had the widest temperature distributions and induced the highest temperature in cancer
tissue. For metal-tip antenna, the temperature had minimum in cancer tissue but the metal-tip
monopole can be maximum ablation cancer tissue. The dielectric-tip antennas can minimum
ablation cancer tissue. In addition, the temperature distribution in cancer tissue for dielectric-tip

antenna was minimal. -~ - -
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Z = f—al/i445° = ,/% e/m!4 (2.2.7.11)
(o2 (02

0 Y (4 L4
gmivauauyssl o = 0 1nauMs (22.7.10) 9814

7z = |-£ (2.2.7.12)
&
dwmugInd zZ = Z,
z, = * =120 x (2.2.7.13)
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y = a+jf= )ja)y(0'+ja)8) = ja)ﬁ il—j;}% (2.2.9.4)
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2.3.1 aumsntuieulumayinen (The Bioheat Equation)
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TumsSinsienaaen e s lafnsendeny i aumudman wazanu

1 - a 4?' dy A W a b A a :g dy A o 2
wu i uenszia Wi finavu luiobedy ms@,mumwmaumﬂmu‘lummﬂeﬂu 9

stluvesauns nisdulsdngiidwadentsnszawanudous-9] luduudasisruns

n23.1.1

pc% =VA&NNT+J.E-h,(T~T,)+0,

o

K
J =
E

Pp1€ 51Dy

ANUHULHNT IS (kg/m’)
Aanugnndouiume (kgX)
= manuihnnuion (WmK)
ANMUHUIUUATEUE (A/m”)

~ anuduvesaun IWfv/m)

(2.3.1.1)
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T,, = gungiiuuLaen (37 C)

A
|

= AU ILAen (kg/m’)

il

aanudoudunizveuien(/kgK)
w,, = ORTIRAIADA (1/s)

@ a J ) v A o =) U ay A
b, = fulszdnimsmanuieuvintend Inadueyluilebe

] ¥
0 = wisnuhaiedulaonszusumswen Tuady (Wm')

v b4 (4
1NHUNIS Bioheat[8] ﬁﬁmﬂ%"lumm%wuﬁ "lﬁ'azmmﬁ’auﬂﬂ"mm 2 ﬁ’ﬂ
o o ¢ ) a4 o g & 4 o 4 g &
Fulsznsmamanudounnidend Inaduegluiiode (1) uaz wisnunadeiulag
a R <A 2 1 o ,f,’ dy 1 2
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zheNuMuesNIn 1o
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SAR =27 E= 2|
D

(2.3.2.1)
ol

SAR = Specific absorption rate (W/kg)

J = MamnunuMNUNTELE (A/m’)

E = ;manuduvesauin i (vim)
9 ]

o = anmmanuiiihveuilede (S/m)

o = anunuutuiumeg (kgm)
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Tunsimsrzime W ludeauud 183 51e9 laseaswvesansoimenuy 1u TuTwa lae

2 P - o -
i T FldnlSeuifsugduuumasnadiavesmeemalululna dwaalugln 3.2

A L} ar o Q L W 4 4
A JuTulwauwudaedla 1M Fedwdaevesdninedudaduiliodolavase 2.Tuly

Tna wupdaeliauau o7M) fdawvesawomalyluInaszgnilasdreauysaldioany

i & Q' 'W o Q -4 ¥ Qs
3. TuTwadifidanediulave (g Fasdunszua lihadudadurad viedlobed

wazluasieh 3.1 uaasvansliavosTIgaINe [11]

Feed dia=0.511

{a) junction

(b 1.68 0.6

{c)

511 3.2 naasdnuaizussasomeuyy Ty Tu Ina (el (mm)
(a) OTM: eneomieluulareita (Open tip Monopole)
(b) DTM: ghgemeanuvlatetle (Dielectric tip Monopole)

(c) MTM: ewomeuudaeilulane (Metal tip Monopole)

M5199 3.1 HEAIVIANINNAVRITIBDINA

Material Radius R(mm) Length(mm) 7
inner conductor 0.2555 42
Dielectric tip 0.84 0.6
Metal tip 0.84 2
Inner dielectric 0.84 29

Antenna 0.84 13
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A1519N 3.1(A1B)

Material Radius R(mm) Length(mm)
Outer conductor 1.0795 29
Shaft 1.0795 29
Cancer 20 *
Liver 40 .

4 A4 ao = =
* gl/l!Uil“UENmawaﬂaﬂyﬂ!&“}’lﬂnmﬁw71./1/?)7)71/{/7?

3.3 aeomanuVINIUING (Monopole antennas)

v
amvomenuy TuTuwa dumeomauuiingn aunsaildi laemsidadaioves
] A Y [l - 9 @ o Y o

Tewae viseaelauen¥oa a0 lauen@eavzlsenouaie dinmeuen animely uaz

a d a &£ @ A 3 [ @ o ¥ @ o A [ =4
ladanasn Fudluduen nionusznneaniimouen ftudnimelu aduman iz

v v Vv

uwsnszawszrIdninaes Tashenuduvesau wihesiuegiu. anuddndves
o 1 @ o @ @ o 1 ] < 3 @
usaeu Idhsgnnednihmely  fudnimeusn  aauaNUITHYDITUINLULIM AN YUY

PRy [ @ e & ' A ' ~4 ' o A 9 1
nszuan lvarudni  Femsaeaauuuman e lauemdsass 1dmsaeluInua

TEM (Transverse electromagnetic Mode)[2]
34 gﬂ!lﬂﬁﬂlﬁﬂllﬂﬂi‘hﬂﬂﬂ (Geometric model)

o = b (3 dy Ao [ =
ppuseesnlslumsiiassgduuvveiieonu tazmvoimemaaialugin 3.3

£ P a ¢ Y o9 ad =4 a v ¥
mmﬂﬂums’;mﬁwwuaxuﬂ’i]agmmmumaﬂimmeuﬂﬂ uazi]iymmummﬁau

317 3.3 uamednyuzves lumandmeomauuy TuTulna
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3.5 e lvveuuaitllumsudtaym

35.1 QoulumadudEninsusinmuAn(4]

1. TnualunsdentudhgmelaudniBvasmualidauny TEM FolumsdeTnund oz
S IWih wazanumdndemngufirmalumsiiumavesaiuTaoaanle
shune19nud 245 Gz
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4. fMvuegungiiondsvssuuineuiiamefiuodn 37 s walsen
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3.5.2 Reulvmsudtgmmamunamion

msudilaymimeduanuiou 22N IINARBIABIIDIVININAITNAADINATY
ad [~ a 9 L) ad =] a Py o '3 FY
ain Tasudnudn lasnnmsudiammeaudian Tasudnudn oz ldamsilinesuinldly
N 9 . 9 S & ' v ood o 9 A a
asuddymmennudowinie Aassauiman auldh sazwdsnuanuieuiiia
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nnauudman Wihfnszneluiiede  vnduhnmsudilymaanudoulasaiugu
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3.6 Qmauﬁ'ﬁmaﬁa@ (Material Properties)
3.6.1 spaeuiRvesTagilsImnsvtlymmadidnlnsusinmin
wa [ Hq 9 o a o' ad <4 o LY
aaauiAvesiagnldlumsimedinnerilymmndan lnsudnudnieasialy
d' A o wa 1 = a v Ao

ma1eft 3.2 Fuilunaautiddn q ianwd 245 GHz (12, (13] Taemsuiudesldlums
a o A ’ ) & ' =1 . ey ) =
AnsznilyniAe MNWFUUIBINAD (Magnetic permeability) AnTUBRIM W

(permittivity) UBSATENWAVINATUNIU (Resistivity)



24

M31e7 3.2 weaspaEndanislumsimnevidymmasimanlilih

Material permeability (1) permittivity (§) Resistivity () Conductivity(O)
MURX PERX RSVX [(Qm] KXV [S/m]
1. Metal tip 4TTX107 8.854X10™" - -
2. inner conductor ATCX107 8.854X10™" - Co-
3. outer conductor 4TTX 107 8.854X10" - -
4, inner dielectric 1 2.03 10000 10°
6. cancer 1 43.03 0.558 1.79
7. Liver [10] 1 43.03 0.591 1.69

[ 3 ¢
3.6.2 mauandAvesiagiliimsilymmennuien

) wa o 3 ar o 1 Y v @ e ad

apuauiasumzaeg vesTagginseilu 4 dau Tdun dnhlumeeimea lasian
a 9/ o S w 9 o a & A v wa o Py
a5n AounduzSedy unzdoumadind Felumsei 3 Wudguaud@asuwizizgn
° o L'y ° an as d a 1 T o
Sl lumsimserlunuiines 3 ialae3sms W ludieduugd Tasldndademidaus
a1 flo anuvuutiuimg kgm’) snnuieuume GkeX) mannhanuiou
(WimX) awnuthlnihveddae (S/m] [141,15]

L o

A (v y U d 1%
M13197 3.3 paiEnas uwzveaTagnliinsendymmaennuseu

FEM Material  Density Specific heat (¢) Thermal Conduct Conductivity/O)

[kg/m'] [3/kgK] [W/m.K) [S/m]

Conductor ~ Ni-Ti 6450 840 18 1¥10°
Tissue  Liver 1060 3600 0.512 1.69
Tissue Cancer 1060 3600 0.512 1.79
Shaft Polyurethane 70 1045 0.026 10°

I
3.7 MINBOUNURA (Meshing)

o 1 o a (&= a Il e v
Tumswrnuusiass  wieutwvvinsseentuedmuditng  lalfedmuansoni
o, a a L4
«3D  HF119"  (High-Frequency Tetrahedral Solid)  dwiul¥lumsinsigrimaedu
ag <] = Y a o o ' . ° ar 3/ a 's kY
ﬂlﬂﬂiﬂﬁll“ﬂluﬂﬂ LLﬁﬂ‘]ﬁ'ﬂﬁL&liMﬂLSEJﬂﬂ “Solid 87” ﬁ']ﬁi‘l]i"]faluﬂ'li'Jmi’]z‘ﬂ'ﬂ']ﬁﬂ’]'lv!ﬂ'ﬂil

9 A a o 3 =Y [ Y [ a
$ou Fuodwuanedoinizlsznoudie 10 Tnua AnyssMImTLaAIRI 1N 3.4
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d
3.7.1 jsunvesledNUANLY 3D- HF 119
a o % a o y ad = a 4 =
wawuAuuY 3D-HF 119 1 lumsimsizdilgmimedusian lasulinmuannanud
& a @ 4
19 aalnseadreveusfimudvzdsznoudan 4 A 10 Tnua dwaaslugilil 3.4a Tulnua
J 4 o U a P
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sududoalFlumsdiuanldun anvdusoumaliih (MURX, MURY, MURZ) a1n1u
') ' <
Fusuan (PERX, PERY, PERZ) iag ANNANUAIUNIY (RSVX, RSVY, RSVZ)
o o ~ @ a ' a d a ay ' ' @
Smsunan ldnasnnmsinsizialsveamuayia 1wy auuuiman aun i ndsnu

9 ' a
anuiouaelsuiag

o 3.7.2 junuvesedmuANYY 3D-SOLID 87

PAWUAILUY 3D- Solid 87 ¥ hnnerilyninasuanudoulasInssadreveusd
WIUFLIUY 3D- Solid 87 Tifnyae Mo uR B AU 3D-HF 119 mwistiimesisuiludes
15 lumsds ldun mamihanuion (KXX, KYY, KZZ) A2UHuuiuduniz (DENS),
AU (C), MANLAIMMY (RSVX, RSVY, RSVZ) dwukaildndaninns

a 7Y a ¥ < dy A U a
AATITHAWDAUNUAFUAU AD AIDUNNY

(a) (b)

4 a Ja av
51 3.4 (@) nanagiuvvesedmuaN 151U

v v
() tanamsmen1FluuyusiassuesaIueINIANG 3 1YY
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TunswsLUU$Ia0INe 3 uuy wdiuau Inuauazeawua aanaaaluaisen 3.4 a9
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Suneu Tevdauiiduaeoineezisznoududuuesnaniinigly (Inner conductor) LAZ
a d a . o [ [Y 1 \ @ o
laSiSnasn (Dielectric) dmivdiuvssdmsuzlszneudodutszney 3 di fe dnh
ad a 1 A @ o ° Y 1 Py @ o
aely lesidnasn uazauiiugninieusn (Outer conductor) gwmivdauiiludgni
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OPEN TIP , 3D

Open tip

Antena

(a.) Z

11 3.6 uaasdnuzuuavIeITwIMAUY InTulwa

(a) swpmaiuularila (OTM: Open tip Monopole)

d' o é '
13l 3.6(a) naasdnvazvesceeImmulmeia (OTM) Fsdmdaeaueinie
'’ k4 v '
zgnia Taoddeslidahmgluestsenin dudadufinasiithuiiomeld$i00a18

Tavnsa

DIELECTRIC TIP Y 3D.

X
Dielectric

Antenna

(b.) z

517 3.6 nansdnyazuuiaesvesmuomauy luTuInae)

(b) awomeuvulmoiuauiu (DTM: Dielectric tip Monopole)

{ [ ad a
nngilil 3.60b) wansdnvazvesmenmeAluulawiladiylasianasnusenuin
ci 1 |3 c;d wa & '
OT™)  fdwlmovesmeemszgniladioiagiiinuauifiduauin - Femnoanuh

dgnhnmeluvesgivoimaszaenuaLIUNY 10V IT 0D INIAT LB
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METAL TIP 3D.

Metal

Antenna

(c.) e

511 3.6 uaasdnvaizuuuSaesvessvoIMeuy Tululna(@e)

(c) mwomaiulmedulang (MTM: Metal tip Monopole)

o @ <] A o o 4 a

Uil 3.6(c) uamdnvuzvessmmulmediulane nIednih (MTM) i
dnnlmwmeemenzgniadielans wiedanh  Tavlansmlawmeoimeezsennani
Q’l’ 2 'i"l = o o v v v W = 4” A A

meluvesmonmn aziusuihuadeusnhnelumenmadudadudinatafiduiieden

43100918 Taonsa

3.8.2 upUSaesve I MilunzIS
o o o o’ A <3 ° 9 ° o
mm"umsmamgﬂnmwmﬂumﬁun:m MMmsauuuaeslua Ny NI
1 J S 2D ° wa ad <] a
pavilvinadurIuguena1 40 fiaawas laodmuaguayianiasian lasuiinman  uag
va ) 9 ° A Y] ° P wa A & la =3
aaauianennuiouliiuuiians mai‘nLmumamuﬂmawmi‘lumnauﬂvmﬂumtsa

dnvaizveauyTnesaasdalugli 3.7
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